We identified 2384 patients in the Danish Cancer Register in whom cancer had been diagnosed in 1960 -1996 before they reached the age of 20 and compared them with 53 143 sex-and age-matched controls identified from the Register of Population Statistics. Complete education records and demographic and socioeconomic information for the period 1980 -2000 were obtained for both cohorts from Statistics Denmark. The rate ratio (RR) for educational attainment was estimated by discrete-time Cox regression analyses. An overall reduction in attaining basic education was found (RR, 0.90; 95% confidence interval, 0.83 -0.96). Female survivors of central nervous system (CNS) tumours showed the largest educational deficit (RR, 0.55; 95% confidence interval, 0.37 -0.82). Non-CNS tumour survivors attained education as controls at most levels. When the analyses were conditioned on completion of youth education, further educational attainment was not reduced for any group of survivors. These findings confirm that only survivors of CNS tumours in childhood experience significant educational deficits. The deficit was mainly seen among persons whose tumour was diagnosed before they reached the level of secondary education.
Improvements in the treatment of cancer in children and adolescents since the 1970s mean that today more than two-thirds of childhood cancer patients survive (de Nully et al, 1995; Berrino et al, 2001) . The psychosocial implications of living after cancer have therefore increasing relevance. Educational level is an important indicator of a person's capabilities and motivation; it is also an indicator of socioeconomic status and a predictor of health outcomes (Lynch and Kaplan, 2000) .
Reintegration into daily life at school is one of the main challenges after diagnosis and treatment of cancer because of long absences from school (Charlton et al, 1991) . Cancer survivors may face emotional difficulties, lack of energy, adjustment problems, social isolation, and restrictions on physical activity (Mancini et al, 1989; Adamoli et al, 1997; Glaser et al, 1997; Eiser and Vance, 2002) . Treatment with cranial radiation therapy can affect academic performance by significantly decreasing the IQ or by more subtle neuropsychological effects (Jankovic et al, 1994; Dongen-Melman et al, 1997; Reimers et al, 2003) .
Some previous studies found that the overall educational attainment of survivors was equivalent to that of comparison groups, except for survivors of central nervous system (CNS) tumours and of acute lymphoblastic leukaemia who had received cranial radiotherapy (Kelaghan et al, 1988; Haupt et al, 1994; Pastore et al, 2001) . Other studies concluded that survivors of childhood cancers more generally had significant deficits in educational outcome (Teta et al, 1986; Langeveld et al, 2003; Mitby et al, 2003) . Although well conducted, most previous studies were subject to incomplete participation, with rates as low as 61%, and suboptimal comparison groups, including siblings (Teta et al, 1986; Kelaghan et al, 1988; Haupt et al, 1994; Mitby et al, 2003) and population values (Pastore et al, 2001) ; healthy controls were used in only one study (Langeveld et al, 2003) .
To explore educational attainment after childhood cancer we established a nationwide, population-based cohort of persons who had had cancer in childhood or adolescence and compared them with controls sampled from the general population (Koch et al, 2004) .
MATERIALS AND METHODS

Study population
We identified all cancer survivors: (i) in whom the disease was diagnosed in Denmark between 1960 and 1996 before they reached the age of 20 years; (ii) who had had a benign CNS tumour or a cancer other than myelodysplastic syndrome; (iii) who were born in Demark in 1960 -80, to ensure sufficient data quality and maximal follow-up time; (iv) who had at least one parent who was a citizen of Denmark, Finland, Iceland, Norway or Sweden, to reduce cultural heterogeneity; (v) who were 13 years of age or older at the start of follow-up; and (vi) who were alive at least once on 31 December in the period of follow-up from 1980 to 2000, where the socioeconomic data were available.
The patients were identified in the Danish Cancer Register, which covers virtually all incident cases of cancer that have occurred in Denmark since 1943 and has been described in detail elsewhere (Storm et al, 1997) . From this Register, we obtained information on diagnosis, tumour type, date of diagnosis, tumour location, vital status and the unique personal identification number that has been assigned to all residents in Denmark since 1 April 1968. The personal identification number includes sex and date of birth and permits accurate linkage of information between registers. Diagnoses were classified according to the International Agency for Research on Cancer classification of childhood cancers (Birch and Marsden, 1987) . No reliable treatment variables were available from the Danish Cancer Register for this study.
A randomly sampled control cohort, frequency matched on sex and date of birth, was identified in the Register of Population Statistics (Eurostat/Statistics Denmark, 1995) , which contains basic demographic information on the total Danish population. The information in this Register is derived from the Central Population Register, and it is the source of personal and population statistics for other registers (Eurostat/Statistics Denmark, 1995; Thygesen, 1995) . The parents and siblings of all the study subjects were also identified through this Register.
Of the sampled controls, 0.2% were excluded because they were not registered at 31 December in 1980 -2000. A further 0.1% of the controls were excluded from the control cohort because they were also identified in the cancer cohort. A total of 2384 individuals who had had childhood cancer and 53 143 controls were eligible for analysis, contributing 30 792 and 803 644 personyears, respectively.
Estimation of educational attainment
Information on all persons in the two cohorts and their parents was linked to the Integrated Database for Labour Market Research, which contains annually (by 31 December) updated information on the total Danish population from 1980 onwards (Statistics Denmark, 1991) . From this Database, we obtained demographic and socioeconomic variables for the end of each year between 1980 and 2000, including type and level of education, family structure, labour market participation and income. The Database holds information only on the level of education completed and not on graduation, marks or use of special education services.
All education in Denmark is free of charge, and the Danish State provides economic support during studies to facilitate the education of persons of lower socioeconomic status (SU, 2004) . The levels of education used in this study were those of the Danish educational system, shown in Table 1 , and educational attainment was estimated for each level. Education higher than basic school was analysed in both unconditional analyses, that is, including all persons in both cohorts, and conditional on attainment of the previous educational level.
Person-years at risk were calculated from the age (in years) before the age of the first actual or possible attainment of each educational level: 13 years for basic school, 16 years for youth education, 18 years for short-, 20 years for medium-and 21 years for long-cycle higher education. All study subjects were followed until the level of education under investigation was attained or until death, emigration or the end of study period (31 December 2000), whichever came first. As persons could first be followed from 1980, we restricted the analyses to persons born after 1967 for basic school, 1964 for youth education and 1962 for short-cycle higher education. Thus, only the analyses of medium-and longcycle higher education included all the birth cohorts. To ensure that the cancer and its treatment had a chance of influencing educational outcome, only patients whose cancer was diagnosed before possible attainment of a given educational level were included; thus, analysis of basic education was restricted to patients in whom cancer was diagnosed before they were 13 years of age. This approach is a modification of previous methods (Kelaghan et al, 1988; Haupt et al, 1994; Jensen et al, 1997) .
Data analyses
All multiple regression analyses included adjustment by current age and year of birth, and also for socioeconomic factors, comprising mean parental income (father's plus mother's annual income/2), highest educational level attained by either the father or the mother, number of biological siblings, whether the child lived with one or both biological parents or other new family combinations at the end of the year he or she turned 15, and the percentage unemployment experienced by the father during the current year. These adjustments did not alter the estimates significantly. Restriction of the analyses to persons who survived long enough to attain a given educational level, in order to Educational attainment after childhood cancer SV Koch et al investigate a possible effect of on-going disease, also showed no difference in educational pattern from that of all survivors. Survival analyses, with calendar time as the underlying scale, were based on discrete-time Cox regression models, which facilitate time-varying covariates and offer the same interpretation of the estimated hazard ratio parameters as Cox models for continuous survival time (Allison, 1982; Breslow, 1992) . The estimates given are rate ratios (RR) of attaining a given educational level. The models were fitted by the GENMOD procedure in SAS 8.2.
The study was approved by the Danish Data Protection Agency (Record # 2001 (Record # -41-1354 . Table 2 shows the characteristics of eligible persons in the cancer cohort. Overall, 92% of cancer patients and 98% of controls had completed 9 years of compulsory basic education, corresponding to a RR of 0.90 (95% confidence interval (CI): 0.83 -0.96) for all survivors of childhood cancer (both sexes). Youth education was completed by 60% of the cancer patients and 74% of controls, corresponding to a RR of 0.73 (95% CI: 0.68 -0.78). Overall, equal proportions of cancer patients and controls attained some level of higher education (17 and 18%, respectively); however, these results cover differences by sex, as male survivors managed to complete all levels of higher education equally well as or even slightly better than control males (RR: 1.13, 95% CI: 0.97 -1.32), whereas female cancer survivors had a reduced chance (0.75, 95% CI: 0.62 -0.90).
RESULTS
All cancers
CNS tumours
Detailed regression analyses showed that survivors of non-CNS tumours completed most educational levels at a frequency and age similar to those of control persons (Table 3 ). In contrast, survivors of CNS tumours had reduced chances of attaining education at most levels, the RR of attaining all levels of higher education being 0.77 (95% CI: 0.55 -1.07) for men and 0.55 (95% CI: 0.37 -0.82) for women. When the analyses were conditioned on completion of youth education, no reduction in further educational attainment was found for any group of cancer survivors. In these analyses, male survivors of non-CNS tumours had a RR of 1.36 (95% CI: 1.14 -1.61) and survivors of CNS tumours had a RR of 1.13 (95% CI: 0.81 -1.57) of completing all levels of higher education, and the equivalent figures for women were 0.89 (95% CI: 0.72 -1.09) for non-CNS tumours and 0.88 (95% CI: 0.59 -1.32) for CNS tumours.
Characteristic differences in educational choices between diagnostic groups are also shown in Table 3 . Male survivors of non-CNS tumours more frequently chose theoretical than practical education (vocational training and short-cycle higher education). In contrast, female survivors of non-CNS tumours had a smaller chance, of borderline significance, of completing upper secondary school than males (RR: 0.83, 95% CI: 0.68 -1.01) and were more likely to complete short-and medium-cycle higher education than long-cycle higher education. Survivors of CNS tumours generally showed a preference for short, practical education, although the probability that the women in this group completed long-cycle higher education was close to normal. Subgroup analyses of survivors of CNS tumours showed that those who had survived infratentorial nonmedulloblastomas did not have a significantly reduced chance of attaining medium-or long-cycle higher education (RR: 0.72, 95% CI: 0.43 -1.22, n ¼ 109), whereas the RR for survivors of other CNS tumours was 0.58 (95% CI: 0.42 -0.79, n ¼ 415); however, these results did not differ significantly from each other.
Overall, childhood cancer survivors showed a significantly increasing trend in attaining youth education with increasing age at diagnosis (non-CNS tumours, RR per year: 1.02, 95% CI: 1.01 -1.04, P-value ¼ 0.003; CNS tumours, RR per year: 1.06, 95% CI: 1.03 -1.10, P-value ¼ 0.0004); however, this trend was not significant for higher education. Neither treatment era nor time since diagnosis appeared to have a strong influence on educational outcome.
During the decades investigated, the educational pattern in Denmark changed. Thus, multiple regression analyses of data for the control cohort showed a shift in educational choices over time, from vocational training to upper secondary school. Vocational education was most likely to be attained by persons from nuclear families, with one sibling and parents who earned middle incomes and had basic education or vocational training. The probability of being educated in general decreased with increasing number of siblings, degree of father's unemployment, living in a broken family and low parental income and education. These factors had similar effects in both cohorts.
The influence of social background, measured as the highest parental education, was tested in interaction regression analyses, where the pattern of the control cohort served as the standard. Survivors of CNS tumours whose parents had had higher education were more likely to finish vocational training than those whose parents had lower educational levels (RR 2.12, 95% CI: 1.36 -3.31); however, male survivors of CNS tumours whose parents had higher education attained higher education less often than expected (RR 0.37, 95% CI: 0.18 -0.78). Survivors of non-CNS tumours seemed more likely to attain long-cycle higher education if their parents had higher education than if the parents had had lower education (RR 1.61, 95% CI: 0.94 -2.74).
DISCUSSION
We found that survivors of non-CNS childhood cancers generally had a similar chance of attaining a given educational level as control persons and showed no substantial delay, whereas survivors of CNS tumours had a reduced level of educational attainment.
The socioeconomic and familial risk factors that influence educational attainment appeared to be similar for cancer survivors and controls, but female survivors showed more deficits in educational attainment than men. This might be due partly to general sex-specific differences in educational choices in Denmark, where vocational training and short-cycle higher education attract fewer women (Jensen et al, 1997; Statistics Denmark, 2004) . Our results accord with those of others (Kelaghan et al, 1988; Langeveld et al, 2003; Mitby et al, 2003) . Expectations of teachers with regard to academic performance might be lower for cancer patients and in conjunction with reports that girls are more often absent from school than boys (Charlton et al, 1991) , this could indicate different cultural expectations for the two sexes. Male survivors of CNS tumours tended to complete short, practical educational curricula rather than longer, theoretical ones. In contrast, female survivors of CNS tumours had a near-tonormal chance of attaining long-cycle higher education. CNS tumour survivors who completed upper secondary school showed no significant reduction in attainment of further education, and the chance of success increased with older age at diagnosis. These findings corroborate previous reports that young age at diagnosis is a risk factor for educational disadvantage (Kelaghan et al, 1988; Haupt et al, 1994; Langeveld et al, 2003; Mitby et al, 2003) .
Cranial radiotherapy is known to be a strong risk factor for reduced educational attainment (Kelaghan et al, 1988; Haupt et al, 1994; Pastore et al, 2001; Langeveld et al, 2003; Mitby et al, 2003) .This was reflected in our study by the better educational attainment level after infratentorial nonmedulloblastomas, probably treated with surgery only, in contrast to survivors of other brain tumours, who were more likely to have been treated with cranial radiotherapy. However, an internal comparison did not reach significance, which could be due to the analyses being based on small numbers in relation to this rather infrequent event. The finding that male survivors of CNS tumours had a reduced chance of completing basic education probably reflects the well-known risk for neuropsychological sequelae after cranial radiotherapy (Lannering et al, 1990; Jankovic et al, 1994; Langer et al, 2002; Reimers et al, 2003) and the subsequent learning difficulties, which cannot be compensated fully by special educational programmes (Peckham, 1991; Haupt et al, 1994; Dongen-Melman et al, 1997; Mitby et al, 2003) . The finding that female survivors of CNS tumours had a reduced chance of attaining education at most levels may support the suggestion that the developing female brain is more vulnerable to cranial radiation (Schlieper et al, 1989; Bleyer et al, 1990) . Deviation from the pattern of social heritage (Jensen et al, 1997; Lynch and Kaplan, 2000) only among survivors of CNS tumours also suggests a physiological rather than a psychosocial explanation for the reduced overall educational attainment.
Male survivors of non-CNS cancers seemed to do better than controls in attaining most educational levels and had a better chance of completing theoretical, longer education rather than shorter, technical courses. The reason is unclear. Previous studies showed that cancer survivors tend to undertake physical activity less than other persons (Mancini et al, 1989; Adamoli et al, 1997; Glaser et al, 1997) and that survivors of bone cancer with sequelae are more likely to have a high-school or college degree than those without sequelae (Pastore et al, 2001) . The motivation of cancer survivors themselves, heightened awareness and support from parents or teachers (Peckham, 1991) or enrollment in special educational programmes (Mitby et al, 2003) might also play a role. Thus, in our study, support from well-educated parents tended to increase the probability of achieving the highest educational levels. Another study also found that the educational level of survivors of non-CNS tumours exceeded that of the general population (Pastore et al, 2001) , and childhood cancer survivors have been described as more mature, with greater appreciation of parental support, than healthy controls (Maggiolini et al, 2000) .
Our study confirms previous findings that only the survivors of childhood CNS tumours experience problems in achieving longterm educational outcomes (Kelaghan et al, 1988; Haupt et al, 1994; Pastore et al, 2001 ). The study of Langeveld et al (2003) accorded with our findings but lacked statistical power, which might explain the authors' more pessimistic conclusions of reduced educational attainment among cancer survivors in general, as also in another study (Teta et al, 1986) . Mitby et al (2003) found educational deficits not only among survivors of CNS tumours and leukaemia, who had been treated with cranial radiotherapy, but also of non-Hodgkin's lymphoma and neuroblastoma. Their study was very large, but methodological limitations due to selection (only 12 431 of 20 276 eligible patients participated) and self-reporting of educational data may have influenced the results substantially.
To some extent, our study addressed these methodological problems. We included all cancer patients in Denmark, with no loss of follow-up or refusal to participate. All information on socioeconomic parameters, for both the cancer cohort and the randomly sampled control population, had been registered prospectively for administrative purposes, years before the current study was hypothesised, excluding information bias.
Our study also had limitations, however, including lack of treatment data and qualitative data that might have identified the mechanisms responsible for the educational patterns observed. Even though this was one of the largest cohort studies on educational attainment, some of our subanalyses lacked statistical power. In addition, not all persons could be followed to an age at which they were likely to have completed their education. Substantial delays during higher education could have underestimated ultimate educational attainments, especially in shortand long-cycle higher education. Future studies are required to identify interventions that might improve the outcome for survivors of CNS tumours.
